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Alkaline phosphatase (AP) activity is expressed by endodermal cells of ascidian larvae. It was reported previously that the 
expression of AP activity is resistant to treatment with actinomycin D, a transcription i hibitor that inhibits the appearance 
of several other tissue-specific molecules and morphological markers of tissue formation in developing ascidians. The 
resistance of AP expression to actinomycin D treatment suggests that endodermal AP activity does not depend on zygotic 
transcription and that its appearance is mediated by the translational ctivation of maternal AP mRNA present in ascidian 
eggs. However, it was also shown that anucleate merogons do not develop AP activity. To directly examine whether 
maternal AP transcripts are present in the cytoplasm of eggs, we isolated a cDNA of an endoderm-specific AP in 
Halocyuthia roretzi and examined the temporal and spatial expressions of this gene during embryogenesis u ing Northern 
blots and in situ hybridization. Maternal AP transcripts were detected in oocytes, cleaving-stage embryos, and in gastrnlae, 
and endoderm-specific AP transcripts dramatically increased about 14 times from the neurnla stage to the larval stage in 
endoderm precursor cells. These results suggest hat the differentiation of endoderm is primarily correlated with the 
activation of zygotic transcription of the AP gene, presumably by egg cytoplasmic factors, similar to how muscle and 
epidermis are believed to develop. © 1998 Academic Press 
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mic determinants. 
INTRODUCTION 
Endoderm cells are situated in the central part of the head 
region of an ascidian tadpole larva. These cells are homo- 
geneous in appearance and contain yolk granules. During 
embryogenesis, endoderm cells begin differentiation, as 
indicated by the appearance of an endoderm-specific alka- 
line phosphatase (AP) (Minganti, 1954). Although the phys- 
iological role of AP in endoderm cells is not yet known, the 
development of AP activity has been used as a tissue- 
specific marker to investigate underlying mechanisms re- 
sponsible for endoderm differentiation. 
Ascidians are classic organisms for studying how mater- 
nal information localized in particular egions of the egg 
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cytoplasm function in the determination f embryonic ell 
fates (Conklin, 19051. Many studies have demonstrated that 
most embryonic ell fates are autonomously determined. 
For example, endodermal AP activity develops in partial 
embryos derived from isolated presumptive endoderm blas- 
tomeres [Whittaker, 1990; Nishida, 1992). Furthermore, 
dissociated embryonic cells can express AP activity 
{Nishida, 1992). In .cleavage-arrested embryos, AP activity 
develops exclusively in the cytoplasm of endoderm-lineage 
ceils [Whittaker, 1977; Whittaker and Meedel, 1989). These 
observations demonstrate he cell autonomy of AP devel- 
opment. When part of a presumptive endoderm blastomere 
or the vegetal region of an unfertilized or a fertilized egg was 
fused with an isolated presumptive nonendoderm blas- 
tomere, the fused cells sometimes could express AP activ- 
ity, suggesting that endodermal factors are present in egg 
cytoplasm and cytoplasm of endoderm progenitor cells 
(Nishida, 1993; Yamada and Nishida, 1996). 
It has been reported using Ciona intestinaBs and Styela 
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plicata embryos that t reatment wi th  a transcriptional in- 
hibitor, act inomycin D, does not abolish the appearance of
AP activity, even when treatment begins prior to fertiliza- 
t ion (Whittaker, 1977; Bates and Jeffery, 1987). In contrast, 
act inomycin D treatment suppresses the expression of 
other tissue-specific markers of differentiation (Whittaker, 
1973; Crowther and Whittaker, 1984). These results suggest 
• that maternal  AP mRNA may be already present in the egg 
cytoplasm and subsequently partit ioned into endodermal 
ceils during cleavage, in which case the localized cytoplas- 
mic determinant required for AP development is AP 
mRNA. However, there is more recent evidence suggesting 
that the development of AP activity requires zygotic gene 
transcription. When anucleate gg fragments produced from 
fertilized eggs were cultured unti l  the controls developed 
into larvae, the anucleate fragments did not develop AP 
activity (Bates and Jeffery, 1987; Whittaker and Meedel, 
1989; Nishida, 1993). Injection of sperm nuclei into H. 
roretzi anucleate fragments results in AP activity (Bates, 
1991). These results suggest hat a nucleus is required for 
AP activity. 
To resolve the question of whether  ascidian eggs contain 
maternal  mRNA that encodes endodermal AP, we isolated 
a eDNA of an endoderm-specific alkaline phosphatase, 
designated HrES-AP, in Halocynttu'a nd investigated the 
spatial and temporal expressions of this gene using North- 
ern blots and whole mount /n  situ hybridization. Maternal 
AP transcripts were detected in oocytes, cleaving-stage 
embryos and in gastrulae, and HrES-AP mRNA dramati- 
cally increased about 14 t imes from the neurula stage to the 
larval stage. The results indicate that the appearance of 
endodermal AP activity primarily depends on the zygotic 
activation of HrES-AP genes. 
MATERIALS AND METHODS 
Ascidians 
Adult Halocynthia roretzi were purchased unng the spawning 
season from fishermen ear Asamushi Marine Biological Station, 
Tohoku University, Aomori, Japan and from the Ocean Research 
Institute, University of Tokyo, Iwate, Japan. Naturally spawned 
eggs were artificially fertilized and reared in Millipore-filtered 
seawater at 11-13°C. At this temperature, they developed to 
gastrulae at about 12 h and to the mid-tailbud stage at about 25 h 
after fertilization. Samples at the appropriate developmental stage 
were collected by low-speed centrifugation and were fixed for 
whole mount in situ hybridizatmn or quickly frozen m -70°C 
ethanol for RNA extractions. 
Molecular Cloning of HrES-AP 
Total RNA was isolated from mid-tailbud embryos using the 
acid guanidinium thiocyanate-phenol-chloroform (AGPC) method 
(Chomczynski and Sacchi, 1987). Poly(A) + RNA was purified using 
Oligotex-dT30 Latex beads (Roche Japan, Tokyo). After reverse 
transcription to produce single-strand cDNAs, PCR amplification 
was performed with degenerate primers corresponding to the 
N-terminal amino acid sequence of HrES-AP protein (Kumano et 
al., 1996). The 5' primer was 5'-GNGA{C/TJAT{A/C/T}GA(A/ 
GJGCNGA{A/GJA-3', corresponding to the sequence RDIEAEK, 
and the 3' primer was 5'-TCNACNGCNGC[A/G/TJATJC/T)TC- 
3', corresponding to the sequence EIAAVE. PCR was carried out for 
35 cycles: 95°C, 30 s; 45°C, 1.5 min; 72°C, 20 s. PCR products in 
the expected size range of 55 bp were then purified using polyacryl- 
amide electrophoresis and subcloned into the pGEM T vector 
(Promega, Madison, WI] for sequence analysis. The 100% match 
eDNA of 55 bp with the N-terminal amino acid sequence was 
identified. 
The 19-mer nucleotide [Fig. 1 ), excluding the primer egions, was 
used as a probe to screen a cDNA library. The oligonucleotide 
{5'-GACAAAAGAATATTGGACA-3') was synthesized by Greiner 
Japan (Tokyo) and labeled with [y-a2p]ATP {Amersham Interna- 
tional, Little Chalfont, England}. The eDNA library of the early 
tailbud embryos that was constructed using the um-ZAP XR vector 
(Stratagene, La Jolla, CAJ was kindly provided by Dr. N. Satoh 
{Kyoto University). A total of 1.4 x l0 s plaques were screened. 
Biodyne nylon membranes {Pall, East Hills, NY] were hybridized in 
a solution containing 6x SSC, 4 mM EDTA, 25 mM KH2PO 4 (pH 
7.2), 5× Denhardt's solution, 0.5% SDS, and 0.1 mg/ml salmon 
sperm DNA at 37°C for 20 h. Filters were washed twice for 15 min 
each m 6× SSC at room temperature followed by at 45°C. The 
hybridized probes were visualized by exposing to an image analyzer 
{BAS 2000, Fuji}. Positive clones were plaque purified twice and an 
insert from the tertiary screen was in vivo excised following 
Strategene's protocol. The plasm~d containing the eDNA of inter- 
est was inserted at the EcoRI and XhoI site of pBluescnpt (SK-}. A 
clone that was isolated as described above was sequenced using the 
Auto Read Sequencing Kit (Pharmaeia, Uppsala, Sweden} w~th an 
ALF DNA Sequencer (Pharmacia}. Sequence data from both strands 
were obtained for the entire HrES-AP eDNA. 
Genomic Southern Analysis 
High-molecular-weight genomlc DNA was extracted from the 
adult muscle of Halocynthia by the standard procedure (Sambrook 
et al., 1989). The DNA fragments after digestion with Sail and XhoI 
were electrophoresed on a 0.6% agarose gel, followed by transfer to 
FIG. 1. The nucleotide and deduced amino acid sequence of HrES-AP eDNA clone. The 3017-bp insert includes a single open reading 
frame that encodes apolypeptide of604 amino acids. The open box indicates the probe that was used for screening the eDNA library. Both 
the N-terminal amino acid sequence determined previously {Kumano et al., 1996} and the canonical polyadenylation signal are single 
underlined. The active site regions predicted from the crystal structure of E. co/i AP are indicated as follows. The active site, Asp-Ser-Ala, 
is double underlined. The residue, Arg, coordinated with phosphate and the residues erving as a direct ligand to three metals are circled. 
The putative N-glycosylation sites are underlined with broken lines. The termination codon is shown by an asterisk. The nucleotide 
sequence data have been deposited in the DDBJ, EMBL, and GenBank nucleotide sequence databases under the Accession No. D87872. 
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1 GTTCAGTAATC GTTCTGCTCTATTTCTTCCGAACCTGCTGCAAA 44 
45 ATGACAAAGAATTCATTGATAAATTCATCGTTCATCATCGTCTTTCTCTGTTTGTTC GGAAC C G A ~ C ~ T A ~ ~  134 
M T K N S L I N S S F I I V F L C L F G T D C T R D I E A E 
o 
135 A~GACAAAGGAATATTGGA~TTGC C GCGGTCGAGCTGAAATCTGC GATTGAGAGTCAGAAACTAAA~C~C T 324 
i m 
K T K E Y W T E I A A V E L K S A I E S Q K L N T N V A K N 
225 GTCATC CTTTTTCTTGGCGAC GGCATGGGC GTTTC CACGGTAACAGCAGGTC GCATACTGAAAGGTCAAATAC~~ ~ 314 
V I L F L G ~ G M G V 8 T V T A G R I L K G Q I R G E S G E 
315 GAAACTAAATTAGCGATGGAACAATTTCCTCATGCTGCGCTTTCAAAGACGTATTCAGTTAA~~~TC~ "404 
E T K L A M E Q F P H A A L S K T Y S V N K Q V A D S A S T 
405 GCAACAGC TTATCTCTGCGGC GTCAAGACAAATTACTACACAATTGGCCTCAAT GCAAAAGTAGTGTATAACAA~~~ 494 
A T A Y L C G V K T N Y Y T I G L N A K V V Y N N C Q 8 8 K 
495 GGAAATGAAGTTGATTCAATTCTGGTGGATTC GTTCAAAGCAGGAAAATCAACAGGGATTGTAAC GAC ~ ~ ~  544 
G N E V D S I L V D S F K A G K S T G I V T T T Q L G H A 
585 CCTGGTGGAGCTTATGCTCATTC GGCAAGCAGAAAATGGATCAATGATGCAGATTTGCC G G A T G A A ~ G A G A A ~ ~ T  674 
P G G A Y A H S A S ~ K W I N D A D L P D E A K E N E C R D 
675 ATAACAAGACAATTCTATGATAATTCACATATGATAACTGTGGC GCTAGCAGGC G G C C G T G C A G A ~ T ~ C C ~ ~ C  ~ T  764 
I T R Q F Y D N S H M I T V A L A G G R A D M I P V T S R D 
765 C CGGAATACAGCGAC AGTC C GGGAAAAGAGAGGAC GGTATGAATCTTATCAACATGTGGAAAAAGAAAATGCAC GATAACGGGTTCGAA 854 
P E Y S D Q 8 G K R E D O M N L I N M W K K K M H D N G F E 
855 C CAGCGTATGTTTGGAACAAAACGGAATTTAGAAAC GTGAATGTGGAAAAGACTGACAGATTATTAGGTTT~CC~TA~ 944 
P A Y V W N K T E F R N V N V E K T D R L L G L F E P M N M 
l l lO l l l l l i l  
945 CAATACGATGCCAATCGTTTAAAAGACGGATCAGGCGAACCATCTCTCGCTGAAATGACAGA~~~~T 1034 
Q Y D A N R L K D G S G E P S L A E M T E K A I Q I L Q K N 
1035 ACGAATGGATATTTCTTACTGGTAGAAGGAGGAAGGATAGATcATGGTCATCATTCAAACGCAGCCTATCTGGCTc~T~C~A 1124 
T N G Y F L L V @ G  G R I @ H  G H @ S  N A A Y  L A  L H D V V  
1125 GCATTTGATGACGCAATCGAGAAAGCTGTTGAAATGACATCAGAAGATGATACGTTGATCA~~T~~TA~ 1314 
A F D D A I E K A V E M T S E D D T L I I A T A ~ ~ S H V F 
1215 ACAATGGGAGGATACAGCGACAGAGGGAATGATATATTTGGCATTGCACCATcAGGGAATTCGcCAGATTTA~~T~C~ 1304 
T N G G Y S D R G N D I F G I A P S G N S P D L A E D N K P 
1305 TAcA~GACATTGcTGTAcGGAAATGGA~c~GGATACAA~GGTCATTAccGAATCGATAGCAGGAATTATGTCTTTCCTATAc~ 1394 
Y T T L L Y G N G P G Y N G H Y R I D S R N Y V F P I L N R 
e||||le 
1395 TCCCAAGCAAAAcGGAAGAATcTGA~cAAGATAGATACAACTCGTcCAGACTAcGTcCAACAGACTGCTGTAc~cAc~~cC 1484 
S Q A K R K N L T K I D T T R P D Y V Q Q T A V P T D S E T 
le||| le||e|leele 
1485 CAcGGCGGAGAGGACGTAGCAATATTTGCTCGAGGA~cGATGGCAcATTTGTTTCATGGAAcGcATGAAcAGAA~A~~ 1574 
G G E D V A I F A R G P M A H L F H G T H E Q N Y I A H V 
1575 ATGAGGTATGTCTCGTGTGTTGGAGGCTTCAACGGACATTGCGAAGGTGAATCAGACGTCAACA~~~TA 1664 
M R Y V S C V G G F N G H C E G E S D V N S I K F F G M S L 
1665 TCGCCATCTGCTGCTCAAATTAATTTGTACTTGCAATGTGTTTTGGGTCTAATTAACGGAATTATC~~~C~A~ 1754 
S P S A A Q I N L Y L Q C V L G L I N G I I L M V L S V Y I 
1755 TAcAAAAACCGCGCCAAGCTAAACTTACGGATGCCGTGCGAGAAAAAGAAAAcTAGTAAAAATGAAACAGAGATGCcTCTAc~C~ 1844 
Y K N R A K L N L R H P C E K K K T S K N E T E M P L R D E 
1845 TCGCTCGAAGTTTAATTCTCAARAATGATATAAATTAAAGCAGGTcTCTGTAGCAAAGTTTATATGCGTGGCCTCAATA~~cT 1934 
S L E V * 
1935 GCAGTAAAAAAAATcTCATTGTTTCAAATCCTATATTACAAGAGATCTAATATGATGTCTAAAAATAAGATAAAATAATA~T~T 2024 
2025 AATGGAGATATTCAGCAATTGCATTGATGTTATAGA~TATAGAGCAAAGGTGGCTATTTAAGTTATAGGCGAAAGTA~T~~ 2114 
2115 CTGTTTTTAAAGCTTCcTCTGGCGCTTATGATTTTTAATGCAcAGCGCTACTTTACATAAGCGATTATGAAAAA~TA~ 2204 
2305 ~CATACATATAAAAATAGGCGATACA~TTTTTTTAACGAAGTCAAATATTAATAAACTTCAGCAATTATGTTGTATATCGACCTTGAA~ 2294 
2295 AATTTA~GGCAATTTTAAAAGCCACCCAGGTcTATTcATAAGCTATGATTCTATGTACAcATGCGCTACTTAACTTAA~~ 2384 
2385 AACATAATAAAATAGTCCGTACAAGCATTCGCGGCTCGTTCATAAGGGCTGCACAGTCTT~CCAGACACTCACTGC~A~ 2474 
2475 cATCAATCTcACACTAGAATAATACGCCAcTAAAAAATATGTCATAACAAAAAGTCTTTATATTTcATTTTcAATAAcTAA~TA 2564 
2565 ACTATAACTGAATTTTCAAAAAAAAAGAGACAAAAATAGAAGATTTTTTCATAGGTTACTAcGTATGCTATTTGTTGACAGTAAGCGTTA 2654 
3655 AATGAAGCAACAATGAGCTGTATTTAGGTGCAGCTCAGCTTAATGCCGTGTTTACATTGCGCTAA~C~T~~CC 2744 
3745 TCCATTcCATTTTTTCACAAACACCCACTGACATAAGTATTGTCAAATTTTTAGGTTGAATAGTTTTAAACCTTTTTTTTATGcTA~ 2834 
2835 AATGTTTTTCATTAATTTGATAATTTTTTTATTGCCTTAACATTTTTTTTATTA~TTCACCTAAAATAGATACCTTTAATTTTA~ 2924 
2925 TGTTTGGTCACAAAAAATTTTAAATTTGGTTTTTA~TTCATTCCTAGCAAATAAATCAAATCCAACTCTTcAAAA~L~%ALL~E~£A 3014 
3015 AAA 
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a Biodyne nylon membrane by download blotting. The blot was 
hybridized to a2P-labled [with [~ -a2p]dCTP (Amersham} using a 
rediprime DNA labeling"system (Amersham)) 1.5-kb XhoI frag- 
ments {from the 5' end to a XhoI site at nucleotide 1514 of the 
HrES-AP cDNA shown in Fig. 1} in the same solution as used in the 
hybridization for molecular cloning of HrES-AP for 20 h at 42°C. 
The membrane was washed twice in 2x SSC and 0.1% SDS at room 
temperature for 10 rain followed by two washes in 0.5x SSC at 
55°C for 30 rain. The hybridized probes were visualized by expos- 
ing to an image analyzer. A 1-kb DNA ladder {Gibco BRL, Gland 
Island, NY] was used as a molecular mass marker. 
Northern Blot Analysis 
Total KNA was extracted from various stages of development. 
PUly{A] + RNA was purified twice using Oligotex-dT30 Latex beads. 
Three micrograms of poly{A) + KNA from embryos at various 
developmental stages and 10 /~g of larval poly(A) + RNA were 
electrophoresed on a 1% agarose gel containing 18% formaldehyde. 
After electrophoresis, RNA was transferred to a Biodyne nylon 
membrane by download blotting. Samples were hybridized to 
a2p-labeled 1.5-kb XhoI fragments ofthe HrES-AP eDNA, as used in 
Southern blot, in the presence of 50% formamide, 4x SSC, 5x 
Denhardt's solution, 0.2% SDS, and 0.1% salmon sperm DNA at 
42°C for 20 h. The filter was washed twice in 2 x SSC and 0.1% SDS 
at room temperature for 10 rain followed by twice in 0.Sx SSC at 
65°C for 30 rain. The hybridized probes were visualized by expos- 
hag to X-ray film (Kodak, Rochester, NY I for 2 days. The molecular 
mass of the HrES-AP transcript was estimated from the molecular 
mass markers of a 0.24 to 9.5-kb RNA ladder (Gibco BRL}. 
Whole Mount in Situ Hybridization 
Riboprobes were prepared as follows. A 1.5-kb XhoI fragment of 
HrES-AP eDNA, as used in Southern and Northern blots, was 
subcloned in the EcoRI-XhoI site of the plasmid Bluescript (KS +} 
for the synthesis of antisense probe and into SK- for the synthesis 
of sense probe. The plasmid DNA was digested with XbaI for the 
production of antisense probes or cut with XhoI for the synthesis of 
sense probes and used as a templates for/n v/tro transcription. The 
RNA probes were synthesized using Boehringer Mannheim DIG 
RNA labeling kit according to the supplier's instructions. After 
incubation, the reaction mixture was treated with RQ DNase 
(Promega) and the transcripts were hydrolyzed by incubation in 42 
mM sodium hydrogen carbonate and 63 mM sodium carbonate at 
60°C to generate probes with an average length of 500 nucleotides. 
Whole mount ha situ hybridization was carried out according to 
Wada et al. [1995). Hybridization reaction was performed at 50°C 
overnight with hybridization buffer {50% formamide, 5x SSC, 100 
tag/ml tRNA, 50 tag/ml heparin, 1% SDS) containing 0.5 /~g/ml 
DIG-labeled antisense or sense probe. RNA hybrids were detected 
immunohistochemically with alkaline phosphatase-conjugated 
anti-DIG antibody [Boehringer Mannheim}. In this procedure, the 
sense probe gave no significant background alter coloring reaction 
for 2 days at room temperature. 
RESULTS 
Cloning and Sequence Analysis of the HrES-AP 
The 55-bp fragment hat matched the N-terminal  amino 
acid sequence of HrES-AP (Kumano et at., 1996) was ob- 
tained by RT-PCR from the mid-tai lbud embryos using 
degenerate primers based on the N-terminal  amino acid 
sequence. The 19-mer nucleotide of the 55-bp fragment was 
used as a probe to screen cDNA library of early tailbud 
embryos. A single clone was isolated .having a length of 
3017 bp {Fig. 1). The nucleotide sequence contains an open 
reading frame, starting with an init iator meth ion ine at 
nucleotide 45 and terminat ing with a stop codon at nucle- 
otide 1859. This open reading frame predicts a polypeptide 
of 604 amino acids that contains the N-terminal  amino acid 
sequence determined previously (Kumano et al., 1996). The 
first 23 amino acid residues containing a hydrophobic 
amino acid cluster l ikely represents a signal peptide and the 
three potential  N-glycosylation sites were present wi th in  
the central region of the protein (Fig. 1). 
The 13th amino acid of the N-terminal  sequence, that 
could not be determined previously by sequencing amino 
acid (Kumano et al., 1996), was found to be tryptophan. 
This amino acid could not be detected using a protein 
sequencer. The first amino acid of the N-terminal  sequence, 
that was previously considered to be ghitamine (Kumano et 
al., 1996), was found to be threonine in the present study. 
A comparison of the amino acid sequence of HrES-AP 
with other known protein sequences was analyzed using 
the BLAST network service of the National  Center for 
Biotechnology Information. HrES-AP exhibited a 52.6% 
homology to a nonspecific mouse AP (Terao and Mintz, 
1987), a 48.6% homology to a mouse intest inal  AP (Manes 
et al., 1990), and a 48% homology to an embryonic mouse 
AP (Manes et al., 1990). 
Genomic  Southern Ana lys i s  
We determined the copy number  of the genes correspond- 
ing to HrES-AP in the ascidian genome by genomic South- 
em hybridization. As shown in Fig. 2, only one band was 
detected in both lanes of SaII (about 7.7 kb) and XhoI (about 
4.2 kb). This result suggests that HrES-AP is present as a 
single copy per haploid genome of Ha]ocynthia. 
Deve lopmenta l  Expression of  HrES-AP: 
Nor thern  B lot  Ana lys is  
HrES-AP expression during embryogenesis was examined 
using Northern blot hybridization. A transcript of approxi- 
mately 3.0 kb, corresponding to cloned HrES-AP cDNA of 
3017 bp, was detected through embryogenesis from oocytes 
to hatched larvae (Fig. 3). The amount  of maternal  HrES-AP 
mRNA in oocytes, cleaving embryos and gastrulae was 
relatively low and these transcripts tarted to accumulate 
from the neurula to the larval stage. Quantitat ive measure- 
ment  of the density of the bands revealed that the amount  
of AP mRNA increased about 14 t imes during this period. 
This result indicates that although maternal  AP transcripts 
are present, the zygotic activation of the HrES-AP gene 
contributes to most of the HrES-AP mRNA pool during 
embryogenesis. 
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FIG. 2. Genomic Southern blot hybridization. Ten micrograms of 
digested genomic DNA with Sail and XhoI was loaded. The blot 
was hybridized with 32P-labled 1.5-kb XhoI fragments {from the 5' 
end to aXhoI  site at nucleotide 1514 of the HrES-AP cDNA shown 
in Fig. 1} and washed twice in 0.5x SSC at 55°C for 30 min. A 1-kb 
DNA ladder was used as a molecular mass marker. 
52.6, 48.6, and 48.0% homology to several mouse APs 
{Terao and Mintz, 1987; Manes et al., 1990}. The crystal" 
structure of AP from Escherichia coli has been refined and 
the structures of the active site regions of [M~s appear to be 
highly conserved between E. coli and mammalian APs [Kim 
and Wyckoff, 1989; 1991). When the deduced amino acid 
sequence of HrES-AP is aligned with that of the E. coli AP 
(24.9% identity} after allowing appropriate deleribns and 
insertions, HrES-AP seems to have the core of the structure 
of the E. co//enzyme (Fig. 1], including the residue of the 
active site coordinated with phosphate, and the residues 
serving as a direct ligand to three metals, two Zn 2+ and one 
Mg ~+. Therefore, HrES-AP protein is suggested toretain the 
AP activity. 
A single kind of AP cDNA was obtained from screening 
an early tailbud cDNA library. However, two types of AP, a 
major 86-kDa endoderm-speciflc AP and a minor 103-kDa 
AP, are previously reported to exist in the membrane 
fraction of larvae (Kumano et al., 1996). HrES-AP encodes a
major 86-kDa AP because the deduced N-terminal amino 
acids of HrES-AP were identical to N-terminal amino acid 
of 86-kDa AP. Using HrES-AP probe, only a single band was 
detected in Northern blot with 10 /~g of larval poly(A) + 
RNA (Fig. 3) and in Southem blot (Fig. 2). Even under the 
low stringency conditions, no other band was detected {data 
Spatial and Temporal Expressions of I-IrES-AP: 
Analysis by Whale Mount in Situ Hybridization 
After extended incubation i  the coloring reaction solu- 
tion, AP signals were not detected in unfertilized eggs and 
gastrnlae (Figs. 4A and 413). The failure to detect maternal 
AP transcripts i likely due to its lower concentration i  
cytoplasm, as suggested by Northern blots. Therefore, spa- 
tial localization of maternal AP transcripts i  unknown. 
HrES-AP transcripts were first detected at the neurula 
stage. Signals were observed in nuclei of cells in the lateral 
part of endoderm (Fig. 4C). The number of cells with signal 
in their nuclei gradually increased in the anterior region of 
endoderrn from the neurula stage to the early tailbud stage 
{Figs. 4D and 4E). At the mid-tailbud stage, stronger signals 
were detected in all of the endoderm cells located in the 
central part of the head region {Fig. 4F). Although maternal 
mRNA was not detected in the case of fia situ hybridization 
(Fig. 4A) in contrast to the result of Northern blot (Fig. 3), 
these "results suggest that the zygotic transcription of 
HrES-AP begins at the neurula stage and that the transcripts 
increased in endoderm precursor cells during the taft elon- 
gation. The staining of nuclei shown in Figs. 4C-4E is 
another indication of initiation of the zygotic transcription. 
D ISCUSSION 
In the present study, a cDNA corresponding to the 
endoderm-speciflc AP gene was isolated. HrES-AP shows 
"~ 3.0 kb 
FIG. 3. Expression of HrES-AP examined by northern blot hybrid- 
ization. Three micrograms of poly{A) + RNA from .embryos at 
various developmental stages, as indicated at the top of the blot, 
and 10/~g of larval poly(A) + RNA were electrophoresed. Th  blot 
was hybridized with 32P-labled 1.5-kb XhoI fragments and washed 
twice in 0.5x SSC at 65°C for 30 min. The length of the HrES-AP 
transcript was estimated from the markers of a 0.24 to 9.5-kb KNA 
ladder. 
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FIG. 4. The temporal nd spatial expression patterns of HrES-AP gene in eggs and embryos was examined using whole mount fin situ 
hybridization. {A] An unfertilized egg. (B] An embryo at the gastrula stage, v getal pole view. (C) An embryo at the neurula stage. Anterior 
is to the right. (DI More advanced neurula. {El An embryo at the early tailbud stage. (F] An embryo at the mid-tailbud stage, side view. Scale 
bar represents 100/zm for all photographs. 
not shown). Therefore, it is likely that HrES-AP probes did 
not recognize the AP transcripts encoding the 103-kDa 
enzyme. At the present, we do not know whether the 
103-kDa AP is endoderm-specific. It is also not known 
whether the transcripts for the 103-kDa AP is maternally 
present. However, the activity of the 103-kDa AP likely 
contributes less to the total AP activity in a larva because it
is present in very small amounts (Kurnano et al., 1996). 
Thus, HrBS-AP activity contributes most, if not all, of the 
endoderm-specific AP activity in Halocynthia larvae. 
The present study suggests that small quantities of ma- 
ternal AP transcripts are present in oocytes and cleaving 
embryos, and that zygotic transcription of the AP gene is 
activated at the neurula stage. The transcripts dramatically 
increased about 14 times from the neurula stage to the 
larval stage. Therefore, most of the endodermal AP mRNA 
is likely transcribed from zygotic genes. Zygotic transcrip- 
tion of AP is also supported by the results of /n situ 
hybridization experiments. AP signals were detected after 
the neurula stage. The nuclear staining is another indica- 
tion of the initiation of transcription. Thus, the differentia- 
tion of endoderm appears to be primarily correlated with 
the activation of zygotic transcription of the AP gene, at 
least in Halocjrnthia embryos. 
In our previous tudy, the treatment of developing Halo- 
cynthia embryos with 40 tzg/ml of actinomycin D was 
started at various tages. The sensitive period f appearance 
of AP activity ended at the gastmla stage. This result 
suggests that the transcription of HrES-AP begins at the 
gastmla stage [Nishida and Kumano, 19971. However, the 
results of the present study indicate hat the transcription 
of HrES-AP begins at the neumla stage. One possible 
explanation is that a certain amount of time is required for 
actinomycin D to permeate through the mbryos. This 
could cause the sensitive period tQ end earlier than the start 
of transcription. 
Two differences were observed concerning AP activity in 
Halocynthia embryos compared to Ciona and StyeIa em- 
bryos. One difference is when AP activities are first de- 
tected in endoderm cells during embryogenesis. AP activity 
first appears at the early tailbud stage in Halocynthia as 
examined using histochemical staining and zymography, 
and measuring AP activity in homogenized embryos 
(Nishida and Kumano, 1997]. In contrast, it was reported in 
Ciona and Styela embryos that AP activity is evident in 
gastmla stage embryos using histochemical staining [Whit- 
taker, 1977; Bates and Jeffery, 1987). These results suggest 
that the process of endoderm differentiation' begins earlier 
in Ciona and Styela embryos than in Halocynthia embryos 
that have eggs almost twice the size as the other species. 
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The earlier expressions of AP activity in Ciona and Styela 
embryos may be correlated with the formation of the 
endodermal cavity in hatching larvae in these species. In 
contrast, endodermal cells in Halocynthia do not begin gut 
formation until after hatching. 
The second difference pertains to the sensit ivity of 
appearance of AP activity to act inomycin D treatment. 
The appearance of AP activity could be inhibited m 
dose-dependent manner when Halocynthia eggs were 
treated with 20, 30, and 40 /zg/ml of act inomycin D 
(Nishida and Kumano, 1997). A small  amount of AP 
activity remained even after treatment with 40 /.tg/ml. 
This resistant activity to act inomycin D may be attrib- 
uted to products from maternal transcripts which was 
detected in this study. 
In contrast, AP activity was not suppressed in Ciona by 
treatment of eggs with 120 p,g/ml of act inomycin D 
(Whittaker, 1977) and in Styela by treating eggs with 20 
/zg/ml of act inomycin D (Bates and Jeffery, 1987). How- 
ever, AP activit ies in these experiments were examined 
only by histochemical  staining; that is, they were not 
measured quantitatively. This leaves the possibil ity that 
the resistant activit ies in these species might be origi- 
nated from maternal APs, which are present in small  
amounts in eggs as in the case of Halocynthia shown in 
this study. In a prel iminary experiment, we quantified AP 
activity in Ciona embryos treated with act inomycin D. 
The activity was reduced in a dose-dependent manner, 
and treatment with 60/zg/ml act inomycin D resulted in 
one-eighth AP activity of that in normal larvae (Nishida 
and Kumano, 1997). Moreover, in Ciona and Styela 
embryos, there are two reports suggesting the require- 
ment of nucleus for the development of AP activity. 
When anucleate gg fragments are produced from fertil- 
ized eggs, these fragments do not develop AP activity 
(Bates and Jeffery, 1987; Whittaker and Meedel, 1989). 
Therefore, the expression of AP activity in endoderm 
cells appears to depend mainly on zygotic transcription in 
species other than Halocynthla, although small amounts 
of maternal AP may be present in eggs. 
In order to examine directly whether endodermal AP 
transcripts in Ciona embryos are already present in eggs, 
Northern blot and in situ hybridization were also carried 
out in Ciona embryos using Halocynthia probes. However, 
even under conditions of low stringency, no cross-reactivity 
was detected. 
In Halocynthia, previous experiments using cell fusion 
methods uggest hat the factors which promote AP expres- 
sion are present and localized within the egg (Nishida, 
1993). These factors are localized in the vegetal pole region 
after the first stage of ooplasmic segregation and then they 
are distributed throughout he entire vegetal hemisphere 
prior to first cleavage. At least in Halocynthia, the cyto- 
plasmic determinants responsible for endodermal AP devel- 
opment are not primarily localized endodermal AP tran- 
scripts, but unknown factors that promote the transcription 
of AP genes in endoderm lineage cells. 
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